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SPECIFICATION 

Title of the Invention 

IC SUBSTRATE FOR ACTIVE-MATRIX DISPLAY MEDIUM 

Claim 

(1) An IC substrate for an active-matrix display medium 
comprising: a pixel part having a plurality of data lines 
and a plurality of gate lines formed in a matrix and having 
a pixel transistor and a liquid-crystal driving electrode 
provided at each intersection; and X and Y peripheral 
driving circuits for driving the data lines and the gate 
lines, respectively, wherein only one system of at least one 
o ; f the X and Y peripheral driving circuits is provided, and 
a group of transistors in which a plurality of common lines 
are input to gates is arranged on the side opposite to the 
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peripheral circuit of the one system. 



Detailed Description of the Invention 

The present invention relates to an IC substrate for an 
active-matrix display medium, in which a peripheral driving 
circuit is incorporated. 

A conventional active-matrix IC substrate is formed of 
only a display part, and a driving part of the matrix is 
formed of an external CMOS-IC chip connected by bonding, 
etc., to the IC substrate. Fig. 1 shows a display part of 
an active matrix, and in a display part 1, (n x m) cells 2 
are arranged. A gate line Gi and a data line Dj are wired 
to each cell. A cell at the intersection of these two 
signal lines is selected, and data is written thereinto from 
the data line Dj . Each cell is formed of a transistor Ti j 
and a capacitor Cij for holding data, and drives a display 
medium, such as a liquid crystal, from a driving point Vi j . 
For example, here, when a television screen is to be 
displayed, as a result of a video signal for television 
selecting a gate line corresponding to the scanning line 
position at the time, data is sequentially placed in each 
cell from the data line in accordance with each timing. For 
this purpose, a peripheral circuit for supplying a signal 
for selecting a gate line corresponding to the scanning 
position to each of the gate lines Gl to Gn and for sending 
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data at the scanning position to the data line in order to 
scan laterally and write the data becomes necessary. 

The connection between the peripheral circuit and the 
active-matrix substrate becomes necessary at n + m places. 
In practice, the number of connections becomes 400 to 800, 
which is enormous, and the cost is high. A CMOS-LSI is 
usually used for the peripheral driving circuit itself for 
the purpose of reducing power consumption. The number of 
chips required for this purpose is 10 to 20, assembly is 
still very difficult, and the cost of the chips themselves 
are too much. Therefore, it is best to incorporate this 
peripheral circuit in the IC substrate, but there are 
problems given below. 

(1) When the driving circuit is provided externally, 
CMOS technology can be used. However, in general, a matrix 
IC substrate is an N-MOS or P-MOS type, and if a driving 
circuit is constructed ordinarily, the power consumption is 
too large, and the driving circuit is not suitable for use. 
Furthermore, if the IC substrate is made to be a CMOS type, 
the manufacturing process becomes too complex. 

(2) When the driving circuit is provided externally, 
the yield is not a problem because it is separate. However, 
if the driving circuit is provided internally, unless the 
yield is close to 100%, the entire IC substrate becomes 
defective due to a defect of a portion of the driving 
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circuit . 

In order to solve such problems, a dynamic shift 
register employing an N-channel MOS process is used. Figs. 
2 and 3 are a circuit diagram and a timing chart of a shift 
register circuit for driving gate lines, respectively. 

A shift register cell 5 is formed of four transistors 7 
to 10 and one boot-strap capacitor 6. The clock is at two 
phases of and <j> 2 , and as a result of a start pulse SP 
being input, a "1" electrical potential is sequentially 
transferred in such a manner as to be synchronized with the 
clock. Outputs Di to D n of each shift register are input to 
the gate lines. As a result, as shown in Fig. 3, each gate 
line is sequentially selected. 

Fig. 4 shows an example of a driving circuit on a data 
line side according to the present invention. A shift 
register cell 14 is formed of a boot-strap capacitor 16 and 
transistors 17 and 18 required for operation, and 
a start pulse SP is applied to the first stage via an input 
gate 15. Shift register outputs Si to S m are input to the 
sample-and-hold transistors Hi to H m , so that capacitors Cd 2 
to Cd m/ which are parasitic to the data lines, sample and 
hold a video signal V.S. (a video signal or a data write 
signal) in synchronization with the scanning signal. The 
driving circuit on the data line side is at a high speed 
because it performs all the processing within one scanning 
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line, and a leak current needs not to be considered very 
much. Conversely, it is necessary to consider to secure a 
high-speed operation and to suppress an increasing power 
consumption because of high speed. For this reason, it is 
preferable that a four or higher phase clock, rather than a 
two-phase clock, be used for the clock of the shift register. 
In order to ensure the same number of bits at the same 
transfer rate, if the clock becomes a four-phase clock from 
a two-phase clock, the power consumed in clock lines <|>i to $ 4 
becomes half. Furthermore, if the clock becomes an eight- 
phase clock, the power consumption becomes half of that. 
Among the m bits of the shift register, only one bit is "1", 
and therefore, the power consumption at other than clock is 
small. Therefore, as a result of employing this method, it 
is possible to cause the peripheral driving circuit to use 
low power equivalent to that of a CMOS regardless of the 
mono-channel configuration. The outputs S ± to S m of the 
shift register are only input to the sample-and-hold 
transistors Hi to H m , and the capacitance parasitic here is 
not so large. Therefore, it becomes possible to directly 
connect the boot-strap capacitor 16 formed at a small area 
to Si to S m . Considerable high-speed switching is required 
for the sample-and-hold transistors U x to H m 19. Since a 
signal is applied to the gate input at an amplitude nearly 
two times as large as the clock signal by a boot-strap 
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operation, as shown in Fig. 5, there is the advantage of 
capable of performing switching at a very high speed. When 
the above X and Y shift registers are to be arranged in 
practice, conventionally, two systems of the X and Y shift 
registers are provided in up and down and from side to side, 
respectively, in order to correct a defect due to a 
disconnection of each data line and gate line. Fig. 6 shows 
the above conventional example, and shows a case in which 
the X and Y shift registers are arranged in practice on an 
active-matrix substrate. There are provided data-side X 
shift registers 35 and 36, and dummy cells 37 and 38 for 
forming a feedback signal at the final stage and sample-and- 
hold transistors Hi to H m , and these are arranged 
symmetrically up and down. Gate-side Y shift registers^ 31 
and 32 and dummies 33 and 34 are arranged symmetrically 
left-right . 

However, if the pattern rule is loose to such a degree 
of 10 jam, because the possibility of a disconnection of each 
gate line and data line is low, the effect of improved yield 
is not so much. Conversely, when X and Y driving circuits 
of two systems of up-to-down and side-to-side need to be 
completely defect-free, the yield is decreased. Furthermore, 
since circuits of the same functions are operated in 
parallel, the power consumption is used unnecessarily. In 
particular, in synchronization with one horizontal scanning 
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period (63.5 Ds) , the X driving circuit writes a signal into 
pixels, the number of which is approximately 200 per line, 
by point-sequential scanning from the left to the right 
while the gate line is selected. Even if a circuit of a 4- 
phase clock of Fig. 4 is used, the frequency of the clock 
signals <J)i to (f) 4 becomes 750 KHz to 1 MHz, and the power 
consumption is increased. 

For the above reason, it is better to use one system of 
the upper and lower X driving circuits. Regarding the Y 
driving circuit, the frequency of clocks <|>i and <f> 2 is 
approximately 7.8 KHz, which is half of the horizontal 
synchronization frequency, which is about 1/100 in 
comparison with that of the X driving circuit, and the power 
consumption is smaller. Therefore, shift registers of two 
systems may be provided. 

However, if only one system of an X driving circuit is 
used, since a signal is only supplied from one end of the 
data line, a check as to whether or not there is a 
disconnection in the data line cannot be performed. This 
becomes a serious problem in terms of quality management. 
For this reason, there is a method of providing a pad for 
probing on the side opposite to the X driving circuit of the 
data line. However, a sequence of approximately 200 pads is 
formed at a pitch of approximately 100 to 200 jam, and 
therefore, positioning steps during inspection are required. 
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The present invention has been made in view of such problems, 
and aims to facilitate the inspection of data lines. 

In order to overcome the above drawbacks, a plurality 
of transistors for inspection are provided on the side 
opposite to the X driving circuit of the data lines. Fig. 7 
shows one of specific examples of the present invention. In 
place of the X driving circuit on the lower side, test 
transistors K x to K m 39, whose drains are connected to data 
lines Di to D m , are provided. The test transistors K x to K m 
are divided into a group of odd numbers and a group of even 
numbers, and the sources and the gates of the transistors of 
each group are common. The source and the gate of e.ach 
group are each extended out of the chip from terminals 
referred to as 80i, 80 2 , G lf and G 2 . The gate lines Gi and G 2 
are usually at the substrate level by pull-down resistors Ri 
and R 2 40 in order to make the section between the drain and 
the source of the test transistors K L to K m to be at a high 
impedance. The reason why the test transistors K a to K m are 
divided into a group of odd numbers and a group of even 
numbers is that, as can be seen from the timing chart of Fig. 
5, two adjacent transistors of sample-and-hold transistors 
Hi to H m are selected simultaneously. For this reason, if 
the test transistors Ki to K m are only one system, even if 
there is a disconnection in the source line, the 
disconnection cannot be found when the adjacent source lines 
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are normal. In order to prevent this case, test transistors 
that are connected to the adjacent source lines are divided 
into a group of odd numbers and a group of even numbers. 
That is, by controlling the gates d and G 2 of the test 
transistors independently of each other and by detecting 
signals from the source lines SOi and S0 2 , a disconnection 
check of each of the data lines Di to D m becomes possible. A 
timing chart when, for example, a VIDEO terminal of the X 
shift register is made to reach a high level and the source 
terminals SOi and S0 2 of the test transistors are pulled down 
to a substrate level by resistors is shown in Fig. 8. Si to 
S m indicate outputs of the X shift register shown in Fig. 5 
and gate signals of the sample-and-hold transistors Hi to H m . 
When a signal shown in the figure is applied to the gate 
terminals Gi and G 2 of the test transistors in 
synchronization with the gate signal, signals shown in the 
figure are obtained at the source terminals SOi and S0 2 , and 
it can be seen that the source lines of Di to D m are not 
disconnected. If there is a disconnection, for example, if 
Di is disconnected, the corresponding pulse like SOi 1 is lost, 
and the disconnected portion can be known. 

As has thus been described, according to the present 
invention, the inspection of an IC substrate for an active- 
matrix display medium becomes easy, quality is improved, and 
the effects are very large. Although, in the embodiment of 
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the present invention, an active-matrix display medium has 
been described as using mono-crystal silicon, the present 
invention can be applied to a TFT having a thin-film 
transistor formed on a glass substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 an equivalent circuit diagram of an active- 
matrix display section 

1 display section 

2 cell 

Fig. 2 an equivalent circuit diagram of a Y shift 

register for driving gate lines 

5 shift register cell 

6 boot-strap capacitor 

7 to 10 transistors 

Fig. 3 a timing chart of a Y shift register for 

driving gate lines 
Fig. 4 an equivalent circuit diagram of an X shift 

register for driving source lines 

14 shift register cell 

15 input gate 

16 boot-strap capacitor 

17 to 18 transistors 

19 sample-and-hold transistor 

Fig. 5 a timing chart of an X shift register for 
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driving source lines 

an IC substrate for an active-matrix displ 
medium of a conventional example 



35, 


36 


.... X shift registers 


on data side 


37, 


38 


... dummy cells 




31, 


32 


.... gate-side Y shift 


registers 


33, 


34 


.... dummy cells 





an active-matrix IC substrate according to 
embodiment of the present invention 

39 test transistor 

40 pull-down resistor 

a timing chart according to the present 
invention 



